Toll-like receptors (TLR) signaling plays an important role in the B cell biology. It induces the maturation, proliferation and antibody production in response to pathogen recognition. Interleukin-1 Receptor-associated Kinase-4 (IRAK-4) is TLR downstream molecule which is of strategic importance in starting a cascade of NF-kappaB (Nuclear factor-kappaB) and MAPK (Mitogen-activated protein kinase) intracellular signaling pathways. The aim of the study was to identify the differences in IRAK-4 expression in normal and chronic lymphocytic leukemia (CLL) lymphocytes. We have also studied the IRAK-4 expression alteration upon TLR2/4 ligand stimulation in leukemic and normal B cells.
Introduction
The human body defense against pathogens occurs through integration of innate and adaptive immunity. Both types of immune function are mediated by intrinsic cellular and molecular interactions [1, 2] . Various cell types endued with pattern recognition receptors (PRRs), including Toll-like receptors (TLRs), are involved in innate immune system action in mammals. TLRs perform constant supervision of the environment in search of pathogens, while distinguishing their own antigens from the foreign ones. Adaptive immunity, which is evolutionary younger, use of antigen-specific receptors on the surface of B and T lymphocytes (BCR, TCR) in response to specific and changing antigens [3] . B cells play the main role in this context. They produce antibodies against these specific antigens, function as antigen presenting cells for T cells, produce cytokines [4, 5] . Lymphocytes T show TLRs receptors expression, which are typical for innate immunity.
In humans, ten different TLRs have been identified. Some of them are localized on the cell surface (TLR1, 2,4,5,6,10) while the other ones, on the endosomes (TLR3, 7, 8, 9) They consist of transmembrane domain with leucine-rich repeats (LRRs), and cytoplasmic TIR domain (Toll/interleukin-1 resistance protein) [6, 7] . TIR domains confer specificity to different TLRs enabling each of the receptors (via TIR-TIR homotypic interactions), communication with the signaling adaptor proteins [8] [9] [10] . Ligand, binding to the receptor, generally induces receptor dimerization, recruitment of adaptor molecules and activation of kinase cascade series. In the case of lipopolysaccharide (LPS) receptor TLR4 or the lipoprotein receptor TLR2, the adaptor molecules MyD88 (myeloid differentiation factor 88) and TIRAP/ MAL (TIR-domain-containing adaptor protein, also called MyD88 adaptor-like) are recruited to activate nuclear factor-kappaB (NF-κBtranscription factor) and induce proinflammatory cytokines, such as IL-1 (interleukin-1), IL-6 (interleukin-6) and TNF (tumor necrosis factor) [11] .
Unlike TIRAP/Mal, MyD88 has an N-terminal death domain responsible for interaction with IRAK kinases family members [12] . After LPS stimulation, IRAK1 (Interleukin-1 Receptor-associated Kinase-1) is recruited to the TLR4 receptor complex, where it undergoes phosphorylation in its threonine key locations by serine/threonine IRAK4 kinases. IRAK4 is of strategic importance in starting a cascade of NF-κB and MAPK intracellular signaling pathways. Based on mutagenesis studies, it was demonstrated that the active kinase IRAK-4 is absolutely essential for the activation of NF-κB [13] . Therefore, IRAK-4 is considered to be a central mediator in TIR signaling innate immunity [14] and has been proposed to be the only true kinase of the IRAK family [15] . Studies on mice and clinical observations of IRAK-4 deficient patients showed that the absence/deficiency of IRAK-4 results in severe immune deficiency [16, 17] . patients with CLL very susceptible to infections, which significantly contribute to their morbidity and mortality.
Chronic lymphocytic leukemia is a monoclonal disorder characterized by a progressive accumulation of CD5 + CD19 + B cells, functionally incompetent, frequently associated by the other immune disturbances. Low expression of BCR (B-cell receptor) is the hallmark of the CLL lymphocytes [19] . Besides antibody production, normal B cells have important antigen presenting functions [20] . It has been shown [21] that the activation of human naive B cells requires a combination of three signals: 1/BCR triggering, 2/cognate T cell help, and 3/ TLR stimulation.
It seems that there is no harmony between these signals in CLL. BCR signaling may be defective, which is related to small numbers of BCR, non-functional BCR assembly [19, 22] and mutations in accessory proteins [23] . Consequently, it abolishes the ability of antigen presentation by CLL cells [24] . In patients with CLL, many T cells acquired defect were also found, such as: increase of T cell number, reversal of the CD4: CD8 ratio, alterations in T-cell cytoskeleton formation and vesicle transportation and production of cytokine inhibitors, IL-6, IL-10, TNF (Tumor necrosis factor) and TGF-beta (Tumor Growth Factor beta) [25] [26] [27] [28] [29] . Finally, CLL is associated with the impairment of the innate immune system [30, 31] .
TLR stimulation triggers the activation of signals that eventually turn into a transcription of specific genes. Therefore, the defect in any of the signaling pathway links concerning activation signal transmission from TLRs may underlay the cause of immune failure in CLL.
In this study, we compared the expression of IRAK4 on mRNA and protein level in CD5 + CD19 + leukemic B lymphocytes and normal CD19 + B cells from age adjusted healthy donors. Simultaneously, we assessed the expression of IRAK4 in both subpopulations upon LPS (lipopolysaccharide Escherichia coli) and SAC (Staphylococcus aureus Cowan strain I) stimulation.
Methods

Patients
The study was approved by the Ethics Committee at the Medical University of Lublin. Peripheral blood samples were obtained from 35 patients diagnosed with chronic lymphocytic leukemia (CLL) (21 male and 14 female; median age -63 range: 51-79 years) in Haematooncology and Bone Marrow Transplantation Department, Medical University of Lublin, Poland. Project of the study was accepted by Bioethical Committee of Medical University in Lublin (number KE-0254/108/2011). Written informed consent was obtained from all the patients. The diagnoses of CLL based on the standard clinical, morphological and immunophenotypic criteria [32] . All the patients were previously untreated.
The total lymphocyte count ranged from 11.23 to 652x10 9 /L. The disease stage was defined according to the Rai classification [33] . Patients were graded as follows: stage 0 (6 cases), stage I (8 cases), stage II (6 cases) stage III (9 cases), and stage IV (6 cases). The control group included 20 healthy volunteers, 8 females and 12 males in the age adjusted to the study group (median -61, range 50-77).
Peripheral blood mononuclear cells were isolated by density gradient centrifugation with Lymphoprep (Nycomed, Pharma AS, Norway) using the standard Böyum method [34] .
Cell cultures and stimulation
Normal peripheral blood lymphocytes and CLL cells were cultured in RPMI-1640 medium (Gibco) containing FCS (10%) (Fetal Calf Serum), HEPES (10 mM), glutamine 2 mM, streptomycin (100 μg/ml), penicillin (100 U/ml) (Polfa, Poland) on culture plates (10 6 cells/ml) (Corning Inc, USA) at 37ºC in humidified 5% CO 2 atmosphere for 30 minutes. CLL cells and normal lymphocytes, at the concentration 1x10 6 cells per ml media, were stimulated with purified TLR agonists: 10 μg/ml LPS (Lipopolysaccharide from Escherichia coli, Sigma) or formalinised SAC (Staphylococcus aureus strain Cowan I) in the insoluble form, 1.2x10 6 microorganisms/ml. Normal CD19 + subpopulations were isolated from half hour cultured normal lymphocytes using magnetic columns (Miltenyi Biotech, Bergisch Gladbach, Germany).
Flow cytometry analysis
Immunophenotyping was performed by flow cytometry (FACSCalibur, Becton Dickinson Immunocytometry System) using commercial mouse monoclonal antibodies (anti-human CD19/ PE-Cy5, anti-human CD5/FITC, Becton Dickinson) and respective immunoglobulin isotype controls. Cells were stained for surface markers according to the supplier's instructions. The cells were gated according to their FSC (forward scatter) and SSC (side scatter). Analyses were carried out using Cell QUEST Software (Becton Dickinson) on gated lymphocytes.
Real-Time PCR
The expressions of IRAK4 in unstimulated, LPS-and SAC-stimulated B-CLL samples and normal CD19 + lymphocytes were performed using RT-PCR. Total RNA was extracted by TRI Reagent (Sigma) using the Chomczynski method [35] , and was reverse transcribed into cDNA with the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems) according to the supplier's instructions. Real-Time PCR was carried out using the 7300 Real-Time System (Applied Biosystems) at 50ºC for 2 min and at 95ºC for 10 min, followed by 40 cycles at 95ºC for 15 s and at 60ºC for 1 min. The probe for GAPDH (Hs99999905_m1) was commercially purchased (Applied Biosystems), so was the primer for IRAK4 (Hs00928779_m1). The expression of GAPDH was used for normalization of Real-Time reaction. The assays were performed in triplicate, the average mean was calculated, and the expression level of IRAK4 (RQ) was described as 2 -ΔΔCt .
Western Blot analysis
Western blot analysis was performed to evaluate the protein level of IRAK4. Unstimulated, LPS-and SAC-treated B-CLL and normal CD19 + B lymphocytes were subjected for protein isolation. β-actin was used as an internal loading control. Briefly, 10x10 6 cells were harvested in the presence of a protease inhibitor cocktail (Sigma-Aldrich) in CelLytic MT Mammalian Tissue Lysis/Extraction Reagent (Sigma-Aldrich). The mixture was homogenized; cell lysates were clarified of cell debris by centrifugation at 14000 x g for 15 min at 4ºC. The supernatant was collected, protein concentration was determined using NanoDrop 2000 (Thermo Scientific). The samples were mixed in NuPAGE LDS Sample Buffer 4x (Invitrogen), Nu PAGE Reducing Agent 10x (Invitrogen), Deionized Water (Sigma-Aldrich), denatured at 70ºC for 10 min, chilled on ice and immediately subjected to electrophoresis. Equal amounts of proteins (20 μg) were subjected to a 10% polyacrylamide gel (SDS-PAGE, Invitrogen) and electrophoresed for 60 min, 150V (XCell SureLock, Invitrogen). Then proteins were dry transferred using iBlot Gel Transfer System (Invitrogen) for 7 min, 20 V to PVDF membranes. Nonspecific binding was blocked with 3% nonfat milk in TBS (Tris Buffered Saline with 3% non-fat milk, pH 8, Sigma-Aldrich) at room temperature for 1 h. Membranes were then incubated with primary rabbit polyclonal anti-IRAK4 (1:500, 18600-17 US Biological), rabbit polyclonal anti-beta actin (1: 2000, 8227-50 ABCAM), at 4ºC over-night. The membranes were washed with TTBS (Tris Buffered Saline with 0,05% Tween 20, Sigma-Aldrich) 3 times for 15 minutes, then incubated with secondary goat anti-rabbit immunoglobulin G (IgG)-horse radish peroxidase (HRP) (ABCAM) for 1 h. The membranes were washed three times for 15 min with TBST. Bound antibody chemiluminescence was detected using chemiluminescence kit (SuperSignal West Pico Chemiluminescent Substrate, ThermoScientific) with Molecular Imager ChemiDoc XRS+ (BioRad). The optical density was determined using a scanning densitometer and analyzed using Quantity One software (Bio-Rad).
Statistical analysis
The obtained data were statistically analyzed using Statistica 8.0 software. Statistical significance was calculated by the Student's t-test. Statistical significance was considered at p<0.05.
Results and Discussion
Under physiological conditions, TLRs act as costimulatory signal transmitters, which bridge the innate and adaptive immune response and provide a full activation of B cells. TLR-dependant signals may also be involved either in TLR induction of tolerance, or in supporting auto reactivity of B lymphocytes [36] . IRAK-4 plays a key role in the signaling of TLRs [37] , although the regulatory mechanism remains unclear. Hatao et al., demonstrated that stimulation of TLR2, TLR4, TLR9 receptors, leads to IRAK-4 protein downregulation [38] . The available data on the expression and function of TLRs in CLL are limited and derive from small series of patients and the expression of proteins involved in signal transducing pathways in CLL was not analyzed. Therefore, the mechanism of immunodeficiency in CLL remains unclear.
Increasingly, antigen/antigens initiating simultaneous or various signals that act through receptors other than the BCR are suggested to influence the behavior of malignant clone and play a key role in the pathogenesis of CLL [39] . It does not preclude participation of TLRs in this process. Integration of TLR with antigen causes cell activation and induces the expression of proinflammatory cytokines, chemokines and defensin genes following maturation, proliferation and antibody production after pathogen recognition [40] .
However, TLR responses must be tightly regulated, since uncontrolled production of cytokines may result in immunopathology. Thus, repeated or permanent stimulation of TLR can make the immune cells anergic to the same or different TLR ligands. This phenomenon, known as TLR tolerance, is well characterized in macrophages, particularly in the case of TLR4 and its LPS ligand [41] [42] [43] . The exact mechanism how the tolerance is induced is not clear, though downregulation of surface receptors, induction of transcription of negative regulators such as IRAK-M [44] , SOCS-1 and SHIP), the production of anti-inflammatory cytokines such as TGF-β and IL-10 [45] were observed. It is not clear whether the response to TLR ligand binding on B cells is similarly regulated, and whether there are differences in the regulation between normal and CLL B cells.
In the present study, we analyzed the expression of IRAK4 in normal and CLL B lymphocytes. Real-Time PCR and Western blot analysis of IRAK4 mRNA (RQ) and protein expression were performed on the isolated CD19 + normal B lymphocytes and CLL cells (CD5 + CD19 + ) before and 30 min after LPS and SAC stimulation. The mRNA expression of IRAK-4 is provided in ( Table 1 ). The purity of normal CD19 + and B-CLL CD19 + CD5 + subpopulations was evaluated using flow cytometry. The normal B CD19 + lymphocyte count exceeded 94% (± 2,15), and CLL CD5 + /CD19 + was 92% (±1,82) ( Figure 1A and  1B) . IRAK-4 mRNA expression was significantly higher (p=0.012) in normal CD19+ lymphocytes compared with CD5 + CD19 + B-CLL subpopulation (0.90 vs 0.54) ( Figure 2 ).
In the context of the above data, one can only speculate as to the cause of differential IRAK4 mRNA expression. Nomura et al. [42] showed that LPS stimulation of monocytes leads to the reduction of TLR4 expression. The minimal to undetectable TLR4 expression in CLL cells was observed [46] . It may be caused by chronic stimulation of CLL cells by unknown antigens, environmental factors and cytokines Assuming the existence of permanently stimulating ligand in CLL, it can also be presumed that the obtained result is a consequence of TLR tolerance.
The hypothesis of tolerance might be considered when comparing IRAK-4 mRNA expression in normal, unstimulated and LPS/SAC stimulated lymphocytes. Both the LPS and SAC treatment led to significant IRAK-4 down-regulation (0.90 vs 0.53 vs 0.40; p=0.03 vs p=0.013) (Figure 3 ). The effects of LPS and SAC stimulation of B lymphocytes in eleven representative cases are presented on the graph (Figure 4A and 4B ). IRAK-4 mRNA level reflects its expression at the protein level in normal lymphocytes. Representative results of the first three ( Figure 4A and 4B) healthy donors tested are presented on ( Figure 5C ).
Such a relation was not demonstrated in CLL cells. The changes in IRAK-4 mRNA expression were not statistically significant (0,54 vs 0,50 vs 0,55; p=0.682142 vs p=0.294036). After LPS or SAC stimulation of B-CLL cells, generally there were no difference in IRAK-4 mRNA 0  1  2  3  4  5  6  7  8  9  10 11  1  2  3  4  5  6  7  8  9  10  11   1  2  3  4  5  6  7  8  9  10 11  1  2  3  4  5  6  7  8  9 and protein expression. However, in some cases, IRAK-4 mRNA and protein increased expression was observed upon stimulation ( Figure  5A patient no 2) . The increase was shown in 4 and 12 cases at mRNA level, respectively after LPS and SAC stimulation in CLL ( Figure 6 ). Representative results of the first three ( Figure 4C and 4D ) CLL patients, are presented on ( Figure 5A) . We observed the reduction of IRAK-4 expression after LPS only in two out of 35 cases. After SAC stimulation only three cases showed IRAK-4 mRNA and protein downregulation ( Figure 4C and 4D) .
Analysis of IRAK-4 mRNA expression, before and after LPS and SAC stimulation confirmed significant heterogeneity of the CLL which is a well-known feature of that disease. Leukemic B-cell response to LPS and SAC stimulation did not depend on the disease stage according to Rai.
IRAK-4 mRNA expression in normal B lymphocytes seems to be consistent with the one observed in model macrophage lines [47] . Studying the kinetics of IRAK-4 expression, the authors found that 2 hour LPS stimulation resulted in 25% decrease of IRAK-4 mRNA expression and after further 8 hours of LPS treatment it went down up to ~ 80%. It kept being reduced down for the next 24 hour of stimulation. The authors observed a comparable decrease in IRAK-4 expression in macrophages stimulated with CpG. These findings suggest that reduction of IRAK-4 expression in normal cells, both after LPS, unmethylated CpG dinucleotides, or as in the presented study, even after SAC, may contribute to the induction of tolerance, regardless of which receptor is induced. LPS is the ligand for TLR4, SAC for TLR2 and CpG for TLR9.
IRAK-4 kinase is absolutely necessary for TIR signaling and is essential for protective immunity against certain bacterial infections. People with IRAK-4 deficiency appear to be particularly susceptible to infections caused by Streptococcus pneumoniae and Staphylococcus aureus which is accompanied by minimal inflammatory response. Lack of IRAK4 causes severe immunodeficiency [48] . IRAK4 defect was first described by Picard et al. in three unrelated children with pyogenic bacterial infections [49] . The cause of the disease was inherited recessive mutations in the IRAK4 (12q12) and the lack of IRAK-4 protein. The impairment of adaptive cellular and humoral response in CLL results in a characteristic pyogenic bacterial infections in these patients. This may indicate a failure of the TIR-IRAK signaling pathway function, resulting in a lack of specific protection against pyogenic bacteria. Interestingly, patients deficient in IRAK-4 are resistant to most ubiquitous microorganisms, including viruses, fungi and parasites, and numerous other bacteria. This is due to the fact that other signaling pathways are activated and other adaptor proteins and kinases are involved in control and prevention from infections by microorganisms other than pyogenic bacteria [50] .
The mutation of IRAK-4 has not been yet described in CLL. In our study the Western blot analysis showed protein expression in each of the studied cases, despite of the low mRNA expression level. Interestingly, the decreased expression of IRAK4 at mRNA level was not accompanied by low IRAK4 protein level as we observed in Western blot study. Since there is no any functional study we can assume that IRAK4 protein accumulates in the leukemic cell due to yet unknown molecular mechanism. Medvedev at al. identified the point mutations in IRAK4 resulting in a truncated kinase domain [17] . There exist possibility these mutations lead to IRAK4 protein accumulation that fail to respond to LPS and SAC stimulation in neoplastic cell.
The underlying cause of aberrant IRAK-4 expression in B-CLL may be inappropriate phosphorylation/kinase activity or IRAK-4 mutation. Our earlier observations, concerning the expression of TIRAP adaptor protein that is phosphorylated by IRAK-4 seem to confirm this hypothesis [51] . We have noticed decrease in TIRAP protein expression after LPS stimulation in normal lymphocytes in contrast to CLL cells. In 2010, Dunne et al. showed similar results suggesting that TIRAP, physiologically, is subjected to phosphorylation, ubiquitination and finally degradation upon LPS stimulation. IRAK1 and IRAK-4 kinase inhibitors effectively inhibited the TIRAP ubiquitination and degradation [52] . Lack of differences in TIRAP expression in CLL after LPS and SAC stimulation could therefore confirm our supposition about impaired function of IRAK4 and/or IRAK1 kinase in CLL. What kind of factors can lead to deregulation of IRAK-4 function in CLL and whether they affect TLR tolerance, remains unknown at the moment.
The latest reports indicate the participation of miRNAs in TLR receptor signaling and endotoxic tolerance regulation [53] . It was shown that miR-146a establishes and maintains endotoxic tolerance by acting on key signaling pathway components such as MyD88, IRAK1, IRAK2, TRAF6 [tumor-necrosis factor (TNF) receptor-associated factor 6]. Navarro and Lieberman [54] agreed that TIRAP mRNA is target for miR-145.
Recent reports showed also that stimulation of TLR ligands can alter the expression of miRNA affecting the function of these molecules [55] [56] [57] [58] . Many researchers compete in ligand/ligands searching. Discovery of the proper ligand/ligands could be helpful in understanding some of the aspects of CLL pathogenesis.
In our study we have shown aberrant expression of IRAK4 on mRNA and protein level in CD5 + CD19 + leukemic B lymphocytes. IRAK-4 mRNA expression was lower in leukemic comparing to the normal lymphocytes. We also found distinct dynamics between leukemic and normal cell in IRAK4 expression upon LPS and SAC stimulation.
Interestingly no trend or significant differences in IRAK-4 expression in leukemic lymphocytes after LPS and SAC stimulation may imply the presence of alleged defect of immune tolerance in CLL. The observed phenomenon may provide the basis for debate over the efficiency of signal transmission mediated by TLRs in B-CLL.
Based on our previous results and the present one, we can speculate that the expression of certain adapter proteins and IRAK4 kinase in B-CLL is different from the expression of their counterparts in normal B cells [46, 51] . Whether this defect is the cause of immune disorders in patients with B-CLL remains to be proven.
